e performed a randomised, prospective trial to evaluate the use of unreamed titanium nails for femoral fractures. Of 48 patients with 50 femoral fractures 45 were followed to union; 23 with an unreamed and 22 with a reamed nail. The study was stopped early because of a high rate of implant failure.
W
e performed a randomised, prospective trial to evaluate the use of unreamed titanium nails for femoral fractures. Of 48 patients with 50 femoral fractures 45 were followed to union; 23 with an unreamed and 22 with a reamed nail. The study was stopped early because of a high rate of implant failure.
The fractures in the unreamed group were slower to unite (39.4 weeks) than those in the reamed group (28.5 weeks; p = 0.007). The time to union was over nine months in 57% of the unreamed group and in 18% of the reamed group.
In the unreamed group 14 secondary procedures were required in ten patients to enhance healing compared with three in three patients in the reamed group. Six implants (13%) failed, three in each group. Four of these six fractures showed evidence of delayed union.
To achieve quicker union and fewer implant failures we recommend the use of reamed nails of at least 12 mm in diameter for female patients and 13 mm in males.
J Bone Joint Surg [Br] 1998;80-B:485-9. Received 9 December 1996; Accepted after revision 29 October 1997 A symposium on the pathophysiology of intramedullary nailing 1 has highlighted the dangers of reaming for fractures of the long bones. Very high intramedullary pressures are generated by the reamer, which acts as a hydraulic piston. 2 This causes disruption of the vascular supply due to obliteration of Haversian canals, 3,4 causing bone infarction which can extend over 66% of the cortical thickness 5 and may well delay fracture healing. 6 Transoesophageal echocardiography has shown large configured emboli in the right atrium during reaming which increase in number with higher intramedullary pressures. 7, 8 In addition, the infiltration of coagulation-promoting substances and the breakdown products of macrophages may cause generalised pulmonary impairment. 9 There is reported to be an increased incidence of acute respiratory distress syndrome (ARDS) and mortality in patients with thoracic trauma who have reamed femoral nailing within 24 hours of injury. 10 There is less deterioration in lung function if an unreamed nail is used.
11
Femoral nails made of titanium are reported to have increased strength, flexibility and biocompatibility, 12 and it has been postulated that the increased strength of nails of smaller diameter enables them to be inserted without reaming to avoid such dangers. We report a randomised, prospective clinical trial comparing the use of unreamed titanium nails of small diameter with similar reamed titanium nails.
Patients and Methods
Between March 1995 and February 1996 all skeletally mature patients who had had a fracture of the femoral shaft over 6 cm above the knee or below 4 cm from the lesser trochanter were included in our study. Ethical approval was obtained. There were 48 patients with 50 fractures. Five patients were lost to follow-up; four could not be traced and one was known to have left the country. This left 43 patients (45 fractures) in the study; 23 fractures were treated with an unreamed nail and 22 with a reamed nail. Table I shows that the only statistically significant differences between groups were in age and Injury Severity Score (ISS). 13 The unreamed group was on average nine years younger and had higher trauma scores, but these scores were generally low. Analysis of covariance showed no correlation of age and the ISS with time to union, indicating that they were not confounding factors. Fracture configuration was classified according to Winquist and Hansen 14 and again there was no statistically significant difference between the two groups (p = 0.1699; Fig. 1 ). Both groups had similar operating techniques, rehabilitation programmes and postoperative evaluation. The method of nail insertion was decided by the opening of a sealed envelope. Patients were reviewed at four-weekly intervals, with fracture healing defined as the time when it appeared to be clinically stable, the patient could walk without pain or external support, and trabeculation was seen to cross the fracture on radiographs of three of the four cortices.
Delayed union was defined as a fracture healing time which exceeded 39 weeks.
The implant chosen was the Alta nail, a titanium fluted nail. The 9 mm nail is solid; larger nails are cannulated, but except for this all the nails had the same characteristics. Operative technique. The nails were inserted with the patient supine on a fracture table. In the unreamed group the diameter of the nail was determined by measurement made from preoperative templates of the intramedullary canal and measurement made at the operation. For the reamed group, reaming was stopped when cortical chatter was encountered and a nail inserted which was 1 mm smaller than the reamer. Two proximal and two distal locking screws were inserted. The variation in nail diameter is shown in Figure 2 .
Results
The study was stopped early due to an unacceptably high rate of implant failure (13%). Time to union. All 45 fractures had healed within 69 weeks of injury. In the unreamed group the mean time to union was 39.4 ± 15.27 (SD) weeks (8 to 69). This group included two patients who had head injuries; these fractures united in eight and 17 weeks. In three cases the nails failed before union. In the reamed group the mean time to union was 28.5 ± 9.83 weeks (13 to 45). Three nails failed early and the fractures were treated by exchange nailing; they healed at 30, 37 and 45 weeks.
Fractures treated with an unreamed nail took a statistically significant longer time to heal (Student's t-test, p = 0.007).
In general, open fractures did not take longer to heal: in the unreamed group the mean time for open fractures was 39.5 weeks and in closed fractures 39.4 weeks. In the reamed group the mean time for open fractures was 33.7 weeks as against 27.8 weeks for closed fractures. In the unreamed group 13 fractures (57%) showed delayed union compared with four (18%) in the reamed group.
In the unreamed group 14 secondary procedures were performed in ten patients (39%). Five patients had Variation in the diameter of the nail in both groups. exchange nailing, three had bone grafting and six had dynamisation. Only three patients (14%) in the reamed group needed a secondary procedure; two had dynamisation and one had exchange nailing. Implant failure. Six implants (13%) failed before the fracture healed, three in each group. Three nails bent at the fracture site (Fig. 3) and three broke, two at the fracture site (Fig. 4) and one at the level of insertion of a proximal locking screw. None of the failures was due to high-energy trauma. Possible factors which may have predisposed to implant failure are shown in Table II . Time to union. The implant failed in two patients after 39 weeks (Fig. 5) . Another two patients showed no significant callus formation at 30 and 22 weeks, respectively. Three of these four fractures were in the unreamed group (Fig. 6) . Nail diameter. None of the solid 9 mm nails failed, but cannulated nails of 10 mm (n = 2), 11 mm (n = 3) and 12 mm (n = 1) did so.
Mismatch between the nail and the intramedullary canal.
The ratio of the diameter of the intramedullary canal measured at the isthmus to the nail diameter was assessed from the anteroposterior and lateral radiographs and the disparity was determined. In three patients whose implants failed there were canal:nail mismatch ratios of 1.5, 1.4 and 1.4. When all 45 patients were evaluated, however, there was no significant correlation between canal and nail diameter and implant failure.
Discussion
Unreamed titanium nails performed poorly in comparison with the reamed nail: fracture union was slower and the rate of implant failure was higher. Radiographs of a femoral fracture in a 24-year-old man which was treated with a reamed 12 mm nail. The nail bent at 22 weeks.
Fig. 4
Radiographs of a femoral fracture in a 22-year-old man which was treated with an unreamed 11 mm nail which broke at 30 weeks.
In theory, fractures treated with an unreamed nail should unite more rapidly because reaming disrupts the circulation to the inner two-thirds of the cortex. It has been shown that only one-third is disrupted if there is no reaming. 15 In experimental models cortical revascularisation is reported to occur twice as rapidly with unreamed nails 16 and callus formation is faster and more prolific. 17, 18 Other studies have also shown that the use of an unreamed nail may result in an increased time to fracture union. A retrospective review of diaphyseal femoral fractures treated with reamed or unreamed AO nails was reported to show that fractures treated with an unreamed nail had a mean healing time of 26.9 weeks compared with 20.5 weeks after a reamed nail (p = 0.009). 19 A randomised, prospective trial of femoral fractures treated with stainless-steel nails showed an increased time to union of distal fractures after unreamed nailing (130 days v 84 days, p = 0.0490), and a rate of nonunion of 25%. 20 In another study, Tscherne C1 tibial fractures healed in 15.4 weeks in the reamed group compared with 22.4 weeks in the unreamed group, with a higher reoperation rate in the unreamed group. 21 Another retrospective study of tibial nailing showed healing in 242 days in the unreamed cases compared with 158 days in the reamed, with a fivefold greater incidence of nonunion in the unreamed group.
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Earlier non-randomised studies of unreamed titanium femoral nails showed rapid union. The ACE nail was shown to allow uneventful consolidation at a mean of 3.8 months. 23 Another series of 108 femoral fractures treated with an AO unreamed nail had a mean union time of 10.4 weeks. These results differ from our findings: the reason for this difference is difficult to define, other than the type of implant and the design of the studies. The relative effectiveness of the three different nails requires a randomised, prospective trial. The more rapid union seen in our reamed group may be due to several factors. These include the autografting provided by reaming, the sixfold increase in periosteal blood flow which is reported to follow reaming 24 and the improved mechanical purchase of a reamed nail which provides greater stability. 25 We consider that the most important factor is the increase in fracture stability. The femur has a short isthmus, and there is therefore only a small area for endosteal purchase by an unreamed nail. Reaming increases this area and provides greater stability. It is not known whether titanium has any effect on fracture healing. We found slower times to union than those reported for larger numbers of patients after the use of stainless-steel nails. 20, [26] [27] [28] Mechanical tests suggest that titanium is very suitable for the construction of nails. Bending tests show that titanium nails 4 mm less in diameter are equivalent to first-generation steel alloy nails. 29 The fatigue strength of titanium is greater than that of stainless steel 30 and its modulus of elasticity is lower so that it is more flexible, which may have physiological advantages. Radiographs of a femoral fracture in a 68-year-old man treated with an unreamed 11 mm nail (a) which broke at 50 weeks (b).
Fig. 6
Radiograph of a femoral fracture in a 62-year-old woman 42 weeks after the insertion of an unreamed 11 mm nail showing delayed union.
We had a higher rate of implant failure than previously reported. AO implants have shown very low incidences of implant failure, 6, 19 as have ACE nails, 23 reamed Gross
Kempf nails and unreamed Delta femoral nails. 20 A review of the literature on the use of reamed stainless-steel nails found implant failure rates of 0.5% to 3.3%. 32 In our series the failure rate was the same in both the reamed and unreamed groups and there was a wide variation in the diameters of the nails which failed. As regards failure, the time to union, the presence of an open wound and the configuration of the fracture were the most critical predisposing factors. The combination of a comminution, a smaller diameter nail (9 to 12 mm) and an open injury gave a high risk of implant failure. Conclusions. Our results suggest that reaming aids fracture healing. We therefore recommend the use of a reamed nail, with an implant diameter chosen according to the weight of the patient, the degree of comminution and the diameter of the intramedullary canal. We suggest that the nail should have a minimum diameter of 12 mm in female and 13 mm in male patients.
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